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FOREWORD

This report was prepared by Hughes Aircraft Company under Contract No. AF

33-(615)-1235. The contract was initiated under Project 'Io. 7381, Task No.

738103. The work was administered under the direction of the Air Force Materials

Laboratory, Research and Technology Division, with Mr. R. F. Klinger acting as

Project Engineer.

The Electronic Properties Information Center has been established to collect,

index and abstract the literature on the electrical and electronic properties of

materials and to evaluate and com:rile the experimental data from that literature.

A modified coordinate index to the literature is machine-stored and printed for

manual use. The Center publishes summary reports, thesauri, glossaries, data

sheets and similar publications as sufficient information is evaluated and com-

piled. This report consists of the compiled data sheets on Fluorocarbon lases.

Many persons have contributed to the prcgram which this report represents.

The author wishes especially to acknowledge the contributions ef the following:

John W. Atwood, C.L.M. Blocher, D.L. Grigsby, D.F. Johnson, Ii. Thayne Johnson,

Thomas J. Lyndon, M.S. Neuberger, Emil Schafer and C.A. Schill.
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ABSTRACT

A compilation of the electrical properties of various halocarbon or

halogenated hydrocarbons known as Freons, Genetrons, Arctcns, etc., is

presented. A master identification chart relating the tradenames and

numbers to the chemical name is included for easy reference.

Detailed electrical properties include Corm.aa Effects, Dielectric

Constant, Dielectric Strength and Dissipation Factor. Each property

is compiled over the widest possible range of pressure, temperature,

electrode geometry effects and types of electrodes from references

obtained in a thorough literature search.

Physical and chemical property data are also included as well as

electrical and electronic applications.

This report has been reviewed and is approved for publication.

Elect ronia-roperties Information Center

/ect Manager
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INTRODUCTION

In June 1961, a program was initiated under the direction of the Air Force to

collect, index and abstract the literature on the electrical and electronic pro-

perties of mateeials and to evaluate and compile the experimental data from that

literature. Placed at Hughes Aircraft Company in Culver City, California, the

program, now called the Electronic Properties Information Center, was originally

intended to cover ten major categories of materials: Semiconductors, Insulators,

Ceramics, Ferroelectrics, Metals, Ferrites, Ferromagnetics, Electroluminescent

Materials, Thermionic Emitters, and Superconductors.

During the first year, studies were completed on the Semiconductor and Insu-

lator categories; and Ceramics was discontinued as a separate category and subsumed

under the other nine. Vocabulary studies have now been completed on all categories,

and retrospective documentation is virtually complete for Semiconduc*ors and In-

sulators. A full index to the literature is maintained; and publications such as

data sheets, summary reviews, glossaries, and thesauri are issued periodically.

The use of the Center and these publications are available to anyone wishing in-

formation within the scope of the Center's cbjectives. A full list of publica-

tions to date appears at the end of this report.

This report contains data sheets on Fluorocarbon Gases. The data sheets have

been compiled directly from the literature. Artic.1s are allowed to accumulate

until it is judged that a sufficient number are available on one material for ade-

quate evaluation. The manual modified coordinate index is then used to retrieve

all literature on the material to be compiled. Bibliographies are checked to

make sure that valuable and relevant literature is not overlooked. Then the

assembled literature is given to the specialist doing the evaluation and compila-

tion.
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Evaluation is confined to primary source data except when only secondary

citations are available. If equally valid data are available from several

sources, all are given. Data are rejected -'hen judged questionable because of

faulty or dubious measurements, unknown sample composition, or if more reliable

data are available from another source. Selection of data is based upon that

which is judged most representative, precise, reliable and covers the widest

range of variables. The addition of neo. data to a previously evaluated property

requires a reappraisal of the reported values. Older data may be deleted if the

new data are judged more accurate or representative.

After a thorough analysis and evaluation, the data are compiled into data

sheets which present it in its 'ost optimum form. This will be, primarily, but not

limited to, curves or tabular form. Where possible, graphs are adapted directly

from the original sources. If this is not possible, they are drawn from data

compiled from the articles. Where thought important, notes are entered with

each graph to help the user.

The references, from which the data are drawn, are shown by reference num-

bers below each graph with the full bibliographic information at the end of the

data sheets. The bibliography is referred to and listed in the order of entry

into the Center (accession number). This provides a quick cross reference into

the index used with the literature.
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FLUORCARBON CASES
MASTER IDENTIFICATION CHART

Gas Designation Chemical Name Chemical Formnula Page

Arcton 0 Cai-bon Tetrafluoride CF4  8

Arcton 1 Trifluoromethane CHF3  101

Arcton 3 C-hiorotrifluoromethane CC1F3  30

Arcton 4 Chlorodifluoromethane CiC1F2  17

Arcton 6 Dichiorodifluorornethane CCl2F2  37

Arcton 7 Dichiorofluoromethane CFC12H 53

Arcton 9 Trichiorofluoromethane CC13F 97IFreon 11 Trichiorofluoromethane CC1 3F 97

Freon 12 Dichlorodi f uoromnethane CC12F,2  37

Freon 13 Chiorotrifluoromethane CC1F3  30

Freon 13 B1 Bromotrifluoromethane cI3rF3 5

Freon 14 Carbon Tetrafluoride CF4  9

Freon 21 Dichioro fluoromethane CFC1 2H 53

Freon 22Chiorodifluoromethane CfiC1F 2  17

Freon 23 Triflucromethane cuti 3  101

Freon 114& Dichlorotetrafluoixiethane C2^ 12 r4  56

Freon 115 Chioropentafluoroethane C2F5C1 26

Freon 116 liexafluoroethane C2F6 58

Freon C-318 Octafluorocyclobutarie r4  72

FX-30 Octafluoropropane c 3 r 8  89

Genetron 11 Trichlorofluorornethane CC1 3 F 97
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GENERAL DESCRIPTION

This data sheet is a compilation of gases belonging to the fluoro-

hydrocarbon gas family of dielectrics.

A wide range of fluorine-chlorine-hydrocarbon combinations are in-

cluded and are commonly designated by various tradenames, e.g., Freon 12,

Genetron 11, Arcton 6, etc. A master identification chart has been pre-

pared to aid in identifying chemically these commercial products as well

as to cite their chemical formula.

The arrangement of the fluorohydrocarbon gases is alphabetic by chemi-

cal name. The dielectric properties of gases most generally reported are

corona, dielectric constant, and dielectric strength. The last property

is markedly affected by type of metal electrodes, electrode gap distance,

electrode shape or geometry, pressure and temperature.

An excellent survey and compilation of these same gases has been pub-

lished by Frank M. Clark in his book, "Insulating Materials for Design

and Engineering Practice", New York, Wiley, 1962. This work has great

value because of the Intercomparison of the fluorohydrocarbon gases with

other gases: SF 6 , W2, Air, etc% in the property parameters.
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FLUOROCARBON GASES

BRONOTRI FLUOROMETHANE

Introduction

Bromotrifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula 'CBrr 3 ) is depicted as follows:

F

F- C - Br

F

and the gas is available from the du Pont de Nemours Company under the trade-

name: Freon 13 B 1.

Its molecular weight is 148.9.

Physical Prope-ties

Boiling point (at 1 atm.) -57.8 0C (-72.0°F)

Freezing point -168 0 C (-270 0 F)

Critical temperature 67.0°C (152.60F)

Critical pressure 39.1 atm. (575 psia)

Density of liquid at 30 0 C 1.499 g/cc (93.59 lbs/ft 3 )

Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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&AOMI FtLtl01R[Q EK*

DIELECTRIC CONSTANT

4.5 I

Frequency 5 kc

4.0

w

4:
1 3.5

9j CBr F3

S. 3.0-
4.
0

UIV

2.0 I

-200 -150 -100 -50

Temperature °C

Dielectric constant as a function of temperature for
bromotrifluoromethane.

[Ref. 1265]
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BROMOTR I FLUOROMEThANE

DIELECTRIC STRENGTH Ref.

Relative dieAlectric strength 1.49 (N2 = 1) 6189

IOI I I I V
40ELECTRODES: 3-IN PLANES

140 - S: 6OCPS, I ATM, RM

120 Fe

C00 - Dielectric strength of bromotrifluoromethane
V as a function of gap distance in a uniform

so -electrical field.

S60
4.0

0 05 1,0 1.3 2D0 L5 30 [Ref. 6140]

Dle~mce, Iches[Ref. 16775]

"140

A

~2O II so -

Dielectr'ic strength of bromotrifluoromethane '

0 ~~ ~ ~ ~ . 40 ID153 . 3Rf 10

as a function of pressure in a t ELETRDE -/-N.
non-uniform field. 20O-M

• CONONS 60 CPS I -IN. GAP

Gauge PressurD, psi

[Pef. 6140]

[Ref. 16775]
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FLLUIOROCARBON GASES

CARBON TETRAFLUOR IDE

Introduction

Carbon Tetrafluoride (Perfluoromethane) is a dielectric gas with electro-

negative behaviour or characteristics. The chemical formula (CF4 ) is depict-

ed as follows:

F

F- C -- F

F

and the gas is available commercially in the U.S. as Freon - 14 (du Pont de

Nemours) and in Great Britain as Arcton 0.

Its molecular weight is 88.01.

Physical Properties

Boiling point (at 1 atm.) -128.0°C (-198.4 0 F)

r Freezing point -184.0°C (-299 0 F)

Critical temperature -45.67 0 C (-50.2 0 F)r. 0
0 V

Critical pressure 39.96 atm. (543.2 psia)

Density of liquid at -80 0 C 1.317 g/cc

Applications

Potential applications include insulation in coaxial lines and waveguides as

well as high voltage underground transmission installations.

B
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CPMSON TEROIOE

DIELECTRIC CONSTANT

Dielectric Constant Phase Temperature Ref.

1.0006 1 atm. 24.5 °C I6189
"16775
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CARBON TETRAFLOR IDE

DIELECTRIC STRENGTH
Ref.

Relative dielectric strength 0.89 (N2 = 1) 23 0 C 1 atm. 6189

Relative dielectric strength 1.01 (Air 1 1) 16775
(uniform electrical field)

Breakdown Voltage Relative

Abe. Power Negative Negative Electric Impulae

Com- Pressure Frequency Direct Impulse Strength Ratio

pound Atm. I I..
Sphere gap, cm

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0

kv kv kv kv kv kv
C F4  1 18.3 36.5 16.2 32.5 20.5 44.0 1.06 1.14 1.12 1.2

2 36.6 71.4 41.0 85.0 1.13 1.27 1.13 1.19
(Arc- 3 55.0 104.5 60.5 1.21 1.28 1.10
ton 0) 4 71.6 79.0 1.23 1.10

[Ref. 11811
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CA N E0R.AFLURIDE

DIELECTRIC STRENGTH

ELECTROOES: TUNGSTEN--I4 EROO-TO-SPHERE

CONONS: DC POS POLARITY,
2 I-IGAR• 1.5 x4Oý SECImpulse dielectric strength as a function off4

pressure in a nonuniform electrical field. VIO( . VAVE FORM

"F F14
8C•

t So
H40

20 I I I
0 10 20 30 40

Pressure, psi

[Ref. 6,40]

00 The dielectric strength of Freon-14 -Ps aI function of pressure as tested tnder

•O non-uniform conditions: 1/4 inch
A square rods, 1-inch gap

C 4 distance. 60 cps.

•440

0 IO0 2 30 40 50

Gauge Pressure, psi

[Ref. 16775]
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CARBON TETRAFLUOR IDE

DIELECTRIC STRENGTH

90

80 -

70

(n 60

40 --- 1

4-1
0-4O 30

0 60-cycle dielectric strength of Freon-14- 0 as a function of pressure, tested
10 -between two 1-inch diameter

spheres spaced 1/4 inch.

0 15 30

Gauge Pressure, psi
(Ref. 4299)

220 -

200

ISO

160

140
4J

0 120

0
'~100

Impulse dielectric strength of Freon-l4 so

as a function of pressure, tested 60
between two 1-inch diameter
spheres spaced 1/4 inch. 40

20

0 15 30

Gauge Pressure, psi

[Ref. 4299)
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CAPOM itETR-FUOR I DE

DIELECTRIC STRENGTH

130

120

110

100

I so
70 - F4 60-cycle dielectric strength of

r4' 60 - Freon-lLI as a function of pres-
0 - sure, tested between tungsten

O rod and 1-inch diameter sphere
~40 - spaced 1 inch.

30

20

0 5 10 1520 2530 35

Gauge Pressure, psi
[Ref. 4299]

810

4.'

The effect of pressure on the dielectric E 60-
strength of rreon-l'4: 60 cps,, 3-inch CF
planes (electrodes), 1/2 inch gap 44

distance, room temperature. 4.'

Pressure, psi

[Ref. 16775)
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CARBON TET AFUM IDE 240
220

DIELECTRIC STRENGTH 200
ISO
160
140

0 120
o0 00 - F14

Impulse dielectric strength of Freon-14 as a
function of pressure, tested between tungsten 80
rod and 1-inch diameter spheres spaced 1 inch. 60

20 2O -I I

0I 0 15 30 45
Gauge Preserre, psi

80o [Ref. 42991
4J F4

2o
4.'

The effect of gap distance on 60 cps
i4 dielectric strength of Freon-14:
P 3-inch planes (electrodes),
20atmospheric pressure,

room temperature.

On-

0 05 1.0 L5 2.0 25 3&0

Gap Distance, Inches [Ref. 16775)
140

120

S80-

60-cycle dielectric strength of Freon-14 as
o 60a function of gap distance, tested between o0

tungsten rod and 1-inch diameter sphere 0F4 F .
at atmospheric pressure. 40 .

20 "

-- "I I I I

0 05 1.0 1.5 2.0 2.5
Gap Space, Inches

[Ref. 4299]
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CDM ONTEITRUAFLIDE

DIELECTRIC STRENGTH

29 140 1 1 1•m ! ! -- 10I I I -I-

240 120 -

200 100 -

P4 160 "so30
S~0o

120 60 -

so F440 r F 14

40 20

___ __ __ __ __ _ • I i I I
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5

Gap Space, Inches Gap Space, Inches

Negative impulse tests on Freon-1l Positive impulse tests on Freon-14
(1 1/2 x 40 microsecond wave), at (1 1/2 x 40 microsecond wave), at

atmospheric pressure, tested atmospheric pressure, tested
between tungsten rod and between tungsten rod and
1-inch diameter sphere. 1-inch diameter sphere.

[Ref. 4299]
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CARBON TETRAFLUORIDE

DIELECTRIC STRENGTH

to -

1. er4 at 11 psi + CC12F2
4 • o2. CF4 at 14.7 psi + CC1 2 F2

3. CF4 at 25.7 psi + CC1 2F2
So 4. CC1 2 F2 at 14.7 psi + sr6

0 L5. SF 6 at 14.7 psi + CC1 2 F2
O JIQ 40 wO so

Gas Pressure, psi
(abs.)

Positive point d.c. breadown voltage for
various electronegative gas mixtures.

[Ref. 1181]

FREON 14

Soo-

70

4 1

400

300 -,

GAP: O-Imm; A-2/300m O-I13mm

100 60 40 20 10 6 4 a I 0.6

pd (um Hg-am)

Paschen curve, Freon 14.

[Ref. 16238]
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FLUMOCARBMO GASES

CHLORO0IFLUOROMETHAN

Introduction

Chlorodifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CIIC1F 2 ) is depicted as follcws:

H

F- C - F

Cl

and the gas is available from the du Pont de Nemours Co. under the tradename:

Freon - 22 and in Great Britain by Arcton 4.

Its molecular weight is 86.48.

Physical Properties

Boiling point (at 1 atm.) -40.80 0 C (-41.44 0 F)

Freezing point -1600C (-2560F)

Critical temperature 96.0°C (204.80 F)

Critical pressure 48.7 atm. (716 psia)

Density of liquid at 30 0 C 0.525 g/cc (32.8 lbs/ft 3 )

Applications

Potential applications include insulation in coaxial Lines and waveguides

as well as high voltage underground transmission installations.

C1
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DIELECTRIC CONSTANT

Dielectric Constant Phase Temperature Ref.

6.11 liquid 24 0C 6189
1.0035 vapor (0.5 atm.) 25.4 0 C 16775

025

O20

G15

O0O @1-1 as a function of pressure for

chlorodifluoromethane at various
i750 C temperatures (A : 1.22 cm).

0.005 04CIFj [Ref. 1538)

0 100 200 300 400 500
Pressure, psi

0.4

0.35

e-i as a function of pressure for 0.2
various mixtures of chlorodifluoro- 4

methane in nitrogen: 2) 65%s 3) 34, 0.1 p: Q311giM/cc
4) 13%, 5) 2.7%, CiCiF2 . (A = 1.22 cm,
T = 24 0 C).

0 2000 4000 6000 00 10,000

Pressure, psi (Pmix)

(Ref. 1538)
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CLORI FLUOROMETHANE

DIELECTRIC STRENGTH
Ref.

Relative dielectric strength 1.17 (N2  1) 6189

Relative dielectric strength 1.40 (Air 1) 16775
(uniform electrical field)

Breakdown Voltage
Power Negative Negative Relative

Abs. Frequency Direct Impulse Electric Impulse
Com- Pressure Strength Ratio

pound Atm.
Sphere Gap, an

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0

kv kv kv kv kv kv
CHF 2C1 1 21.7 39.6 21.7 39.8 22.4 39.8 1.25 1.25 1.03 1.00

2 40.0 74.5 37.5 71.0 1.25 1.33 0.94 0.95
(Arc- 3 57.7 108.0 54.5 1.27 1.32 0.94
ton 4) 4 74.5 1.28

[Ref. 1181]
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OtARIFLUOMEKO

DIELECTRIC STRENGTH
.9-4 IA-U,4 ,4 CHFZCI

The relative dielectric strength of "4 1.2-
CHF2Cl as a function of pressure 41.

(relative to air : 1). _ _ _ _ _ AIR

*,4 o.
0.6

0 10 20 30 40 50 so 70

Pressure, Atmospheres

[Ref. 16775]

1 ELECTROOES: TUNGSTEN
140 -RO-TO-SPHERE

CONONS: DC POS POLARITY,0 2 "HN. GAP LSx40p SEC

10 .WVE FORM

S6 0 Impulse dielectric strength as a function
S4 40 of pressure in a non-uniform field .

20 I I Rf 60
0 10 20 30 40 [Ref. 6140]

Pressure, psi

90

> so
X

*70

S60

S50 -

o 40

"4 30 F22

60 cps dielectric strength of Freon-22 as , 20

a function of pressure between two 1-inch.4
diameter spheres spaced 1/4-inch apart. 10

0 15 30
Gauge Pressure, psi

[Ref.4299
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CHL0ROO IFLUOROMETHANE

DIELECTRIC STRENGTH

220

200

ISO

m 140
4j

o 120
0

S100

80 -F2 130 1 1
60 120

40 - -110

20 - 100
90

I I .c

0 15 30 go
Gauge Pressure, psi 70

0Impulse dielectric strength of Freon-2? as 60 --6

a function of pressure between zwo 1-inch 0
diameter spheres spaced 1/4 inch apart. o-

" 40

,e U299) 30

20

I0

0 5 10 15 20 25 3035

Gauge Pressure, psi

60 cycle dielectric strength as a
function of pressure between a

tungsten rod and a 1-inch
diameter sphere spaced

1 inch.

[Ref. 4299)
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LOR1DI FLUORMETHANE

ZIELECTRIC STRENGTH

240
220 -

ISO -
,m, 160 -

V4.o 140 -

Impulse dielectric strength of Freon-22 as 0 120 -
a function of pressure etween a tungsten A 100 -
rod and a 1-inch diameter sphere spaced 80 -

1-inch. 60 F22
40
20

_
0 15 30 45

Gauge Pressure, psi

[Ref. 4299)

140

120

1I00

so
tF2 60-cycle dielectric strength of Freon-22 as a

60 function of gap distance tested between60
tungsten rod and 1-inch diameter

10 sphere at atmospheric pressure.

20

• I I I I

0 0.5 1.0 1.5 2.0 2.5

Gap Space, Inches

[Ref. 42991
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CHLOOI FLUOROETHANE

DIELECTRIC STRENGTH

280

240

200 -
w

0 160 -Negative impulse tests (1 1/2 x 40 micro-

-F22 second wave), at atmospheric pressure of
120 -- Freon-22 between tungsten rod and 1-inch

80 diameter sphere.

40 -

0 0.5 1.0 1.5 2.0 2.5

Gap Space, Inches

(Ref. 4299)

140

120

100

4j
Positive impulse tests (1 1/2 X 40 micro- '04

second wave), at atmospheric pressure of > F22
Freon-22 between tungsten rod and 1-inch 60
diameter sphere.

40

20

I I I I

0 0.5 1,0 1.5 2.0 2.5

Gap Space, Inches

[Ref. 42991
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LOSS FACTOR

I* as a function of pressure for Wec
chlordifluosamethane at various M

tp eture ( k 1.22 cm). Max. Vapor
e Pressure

A- - Sa
Pressure, psi

[Ref. 15381

0 064 N K'' as a function of pressure for variou
a) . mixtures of chlorodifluorcomethane and
a, ,, nitrogen (k = 1.22 anc T = 24 0 C).

CHCIFI m "I

Pressure., psi (Pj 3")

[Ref. 1538)
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04-ORDI FUJOR04ET1W4E

LOSS FACTOR

C" Cl F2

Kas a function of K'-1 for chlorodi-
fluoromethaws at various temperatures

X : 1.22 0c).

I0

00 ** w
S~..-,

[Ref. 1538]

S.... - - - ,-"as a function of c-1 for various mix-

"... tures of chlorodifluoromethane in ni-
, .... :..-,trogen (k = 1.22 cm, T = 24 0 C).

0 -.. _.• 0.5 0.

[Ref. 1538]
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FLUROCAP" GASES

CHLOROPENTAFLUOROETHANE

Introduction

Chloropentafluoroethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (C2 F5Cl) is depicted as follows:

F F

C Cl F2 - CF3  or Cl- C - C -- F
I I

F F

and the gas is available commercially under the tradename: Freon-l15 from the

du Pont de Nemours Company. Its molecular weight is 154.48.

Physical Properties

Boiling point (at 1 atm.) -38.7 0 C (-37.70F)

Freezing point -106°C (-159 0 F)

Critical temperature 80.0°C (175.9°F)

Critical pressure 30.8 atm. (453 psia)

Density of liquid at 30 0 C 1.265 g/cc (78.99 lbs/ft 3 )

Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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DIELECTRIC CONSTANT

Dielectric Constant Pressure Temperature Ref.

1.0018 380 mm Hg 27.40C 6189

1.00334 722 rn Hg 27.4 0 C 7531
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O.LWRPST 'LUOWETWE .y

DIELECTRIC STRENGTH

6

F-I11
• 5

Breakdown voltage as a function
of pressure for Freon-llS, across
a spark plug.

3

Prssrein IceHg (abs.)

FREON I Is

90-4---

4-0

0

500 Paschen curve, Freon-115.

GAP: .-lamn; 6-2105N; D-l/3lm
i I , I I I I

,oo 60 40 0o to 6 4 0.6

pd (m Hg-mr)
[Ref. 16386)
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i JFN JN GASES

CHLOROTR I FLUOROMETHANE

Introduction

Chlorotrifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CCFl3 ) is depicted as follows:

F

and the gas is available commercially under the tradenames: Freon - 13 (du

Pont de Nemours) and Arcton 3 (British sources).

Its molecular weight is 104.47.

Physical Properties

Boiling point (at 1 atm.) -81.4 0C (-1L-.6 0 F)

Freezing point -181 0 C (-294 0 F)

Critical temperature 28.9 0 C (83.9 0 F)

Critical pressure 38.2 atm. (561 psia)

Density of liquid at 30 0 C 1.298 g/cc

Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.

30
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CHLOA TRI FLLOW W

DIELECTRIC COISTANT

Dielectric Constant Phase Temperature Ref,

1.0013 Vapor (0.5 atm.) 29 0 C 6189
16775

4.5

[.Frequency S kc

4D

3.5

i 3.0 CCIF 3

U

2.5

2.C', I, I

-200 -150 -100 -50

Temperature OC

Dielectric constant of chlorotrifluoromethane
as a function c•f temnerature.

[Ref. 1265)
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OILOROTRI FLwORaiETKAE

DIELECTRIC STRENGTH
Ref.

Relative dielectric strength 1.27 (N =) 6189

Relative dielectric strength 1.43 (Air = 1) 16775
average dielectric strength

in a uniform electrical fiel,

Breakdown Voltage Relative

Abs. ?ower f Negative Negative Strength RatIio
Corn- Pressure Frequency Di1ect Impulseet i

pound Atm. i I mpulse

Sphere gap, am

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0

kv kv kv kv kv kv
CF3 C1 1 25.0 47.2 23.0 46.0 42.5 71.5 1.44 1.47 1.8 1.48
(Arc- 2 48.5 90.5 70.0 1.52 1.61 1.44
ton 3) 3 71.5 1.57

4 93.5 1.60

[Ref. 11e1l
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OL0.TRIFLU0RMETW

DIELECTRIC STRENGTH
1 2.0

SI.• CF3Cl

,A6 L2

N

t AIR

-,,4

&0$

"•00 10 20 30 40 50 WO 70

Pressure, At'mospheres

The relative dielectric strength of CF3Cl (Fz\-.on-13)
as a function of pressure (air 1)

[Ref. 16775

54w

4J 0

s E0IrLECTROOF.S: TUNGSTEN

S L OD-TO-SPHERE /

040 •- !-I O,'ý, 1.5 -40/• SEC|

c'F

00 N 20 30 40

Pressure, psp

Impulse dielectric strength of Frreon-13 as a
function of sessure in a non-unrfoe i field.

[Ref. 61670]
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CHLO'. TR[ FUOR0METKW

DIELECTRIC STRENGTH

90

s0 -

O7 - - 60-cycle dielectric strength of Freon-13
60 -- as a function of pressure as tested

between two 1-inch diameter
50 -F13 - spheres spaced 1/4 inch.

4J

0

S30 -

~20

10

0 15 30

Gauge Prer-sure, psi [Ref. 4299]

220

200

ISO

160

140

1I20
0

Impulse dielectric strength of Freon-13 as o o3
a function of pressure as tested

between two 1-inch diameter
spheres spaced 1/4 inch. SO

40

20

0 15 30

Gauge Pressure, psi

[Ref. 4299]
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04JMMRIFUJOMET

DIELECTRIC STRENGTH

120

I00

60-cycle dielectric strength of Freon-13

as a function of pressure as tested 90 - F 13 -

between tungsten rod and 1-inch s - -
dimeter sphere spaced 1 inch. 0

"•60i -* 0

50- --

40,

30

20--140

I0 ---

0 5 10 15 20 25 30 35

Gauge Pressure, psi

(Ref. 4299:

240
220
200O

160
140

1~20 3
Impulse dielectric strength of Freon-13.so Positive-wave tests made between

40 -tungsten rod and 1-inch
210 diameter sphere

I spaced 1 inch.

0 15 30 45

Gauge Pressure, psi

[Ref. 4299
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CHLOROTRI FJOROMETME 140 1 1 I

DIELECTRIC STRENGTH 20

10 00

60-cycle dielectric strength of Freon-13 as 8 O -
a function of gap distance, tested between
tungsten rod and 1-inch diameter sphere at 60 -

atmospheric pressure. _0.
S40

20

2 0  0 0.5 1.0 1.5 2.0 2.5

240- 
Gap Space, Inches

[Ref. 4299)
S160

•i 120 80F 13 Negative-impulse tests (1 1/2 x •4 micro-
second wave) on rreon-13 at atmospheric

so pressure, between tungsten rod and 1-inch
•_ diameter sphere.

40

iiI0 0.5 1.0 1.5 2.0 2.5 1401 1 1
Gap Space, Inches

120 -

[Ref. 4299]
100 -

to F13
4.,

080
Positive-impulse tests (1 1/2 x 40 microsecond a
wave) on Freon-13 at atmospheric pressure, be- 0 -
tween tungsten rod and 1-inch diameter sphere.

-4 40

20-

0 0.5 1.0 1.5 2.0 2.5
Gap Space, Inches

[Ref. 4299]
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FLUORCARBO GASES

DICHLORODI FLUOROMETHANE

Introduction

Dichlorodifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CC1 2 F2 ) is depicted as follows:

F

Cl--C-Cl
t I

F

and the gas is available commercially under various tradenames: Preon-12 (du

Pont de Nemours), Genetron-12 (General Chemical Co.) and Arcton 6 (British

sources). Its molecular weight is 120.93. The du Pont de Nemours Freon Pro-

ducts Division recommends a 25 0°F maximum temperature for continuous exposure

of Freon-12 to oil, steel and copper for thermal stability.

Physical Properties

Boiling point (at I atm.) -29.790 C (-21.620 F)

Freezing point -158 0 C (-252 0 F)

Critical temperature 112.0oC (233.6 0 F)

Critical pressure 40.6 atm. (596.9 psia)

Density of liquid at 300 C 1.292 g/cc (80.67 lbs/ft 3 )

Applicat ions

Dichlorodifluoromethane is used extensively in household and commercial

refrigeration and air conditioning. Potential electronic applications include

insulation in coaxial lines and waveguides as well as high voltage underground

transmission installations.
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DICHLORWIFWLLOCTHE

CORONA EFFECTS
140

liDO __ 0.000

p'0 - WWDC go
O00 - V~•l• see,, m

so iW

40
4J 0 A FREON M2

40

aaI I I I I a

0 20 40 60 60 100 120 140160

Gas Pressure, psi (abs.)

Corona and spark breakdown of Freon-12 as a function of pressure.

[Ref. 1655)

2 1 1 . I 1 1 I

240

200

120

120 ANDCM" - to

90 -o.. -A -'2CVdo do£
"40 "" - 0I .12 i m

'#I.

0 i 20 30 40 W0 W0 70 M 0

Pressure. psi (abs.)

60-cycle corona starting voltage of Freon-12, 1/2 inch 6quare rods, gaps as noted.

[Ref. 5338.
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DICHLORODIFLUOROMETHAJE

ICORONA EFFECTS - - - - - -

Corona-onset and spark-breakdown 0C - -

characteristics for Freon-12. 1b)

(a), (b),
(c) and (d)-Obtained with standard

electrode configuration. 40
(e) - Obtained with a more divergent

electrode configuration.

--- Corona-onset voltage 2

- Spark-breakdown voltage 20 1/ 0

f 0 20 0 -6"

Absolute Pressure, psi

[Ref. 1853]

(b)

Corona-current as a function of voltage

80 characteristics for Freon-12.
O' ,. (a) 15 psi (abs.)

8 (b) 18.5 psi (abs.)
E (c) 22.5 psi (abs.)

020 40 60 (d) 25 psi (abs.)
Voltage, kv (e) 27 psi (abs.)

[Ref. 1853)
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DI CHLORODI FLUOROMETHE

CORONA EFFECTS

1160 i ,, d) -

* c12- iz zz Wi

0 80 160 240 320 400

Absolute Pressure, psi

Corona-onset and spark-breakdown charac-eristics
for mixtures of Freon-12 and nitrogen.

(a) 10 psi abs., Freon 12 + N2
(b) 20 psi abs., Freon 12 + N2
(c) 30 psi abs., Freon 12 + N2
(d) 40 psi abs., Freon 12 + N2
(e) 50 psi abs., Freon 12 + N2
(f) 60 psi abs., Freon 12 + N2

--- Corona-onset voltage
-- Spark-breakdown voltage

[Ref. 1853]
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DI OILORODI0FLUOROMETHANE

DIELECTRIC CONSTANT

Dielectric Constant Pressure Frequency Temperature Ref.

1.00325 760 mm 9200 Mc 20 0 C 1181
1.00029 - 1010 cps 230C 1373
2.13 (Liquid Phase) - 29 0 C 116775 &
1.0016 (Vapor, 0.5 atm.) - 29 0 C 6189

4.5

4.0 Frequency 5 kc

I
4J

0
C.)
u 3.0

.1.1

4.J

4r-4 CCL2F2
2.5

2.0 - I
-200 -150 -100 -50 0 50

Temperature oC

Dielectric constant as a function of
temperature for dichlorodifluoromethane.

Mef. 1265]
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A•rt CLORODI FLJORCMETHANE

IELECTRIC STRENGTH

Ref.
Relative dielectric strength 2.06 (N2 = 1) 6189

Relative dielectric strength
(uniform electrical field) 2.42 (Air = 1) 16775

30 - - - - - -_

60
4-

0 20 -40 6

Absolute Pressure, psi

Corona-onset and spark-breakdown characte-istics for rreon 12.

(a),(b,(c) and Wd Obtained with standard electrode configuration.
(e) Obtained with a more divergent electrode configuration.

--- Corona-onset voltage
___Spark-breakdown voltage

[Ref. 1853]
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DI CHLORODI FLUOROMETHANE

DIELECTRIC STRENGTH 90 I

80

70 F12

it 6060-cycle dielectric strength of Freon-12,
tested between two 1-inch diameter *

spheres spaced 1/4 inch. 40
0
go 30

20

I0

0 15 30

Gauge Pressure, psi

[Ref. 4299]

220 ..

2400-
ISO

180

160 F 12

140

o 0 -20

0
H 100 -Impulse dielectric strength of Freon-12,

so -tested between two 1-inch diameter
spheres spaced 1/4 inch.

60

40

20
II

0 15 30

Gauge Pressure, psi

[Ref. 4299]
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130

DICQLORODI FLUOROIET1AI- 
I0

120 -

DIELECTRIC STRENGTH lbo

100

90

(180

60-cycle dielectric strength of Freon-12, tested 70
between tungsten rod and 1-inch diameter sphere 60

spaced 1 inch. 4.P

00 50

0 40

•'30
20

10
1 I I I I 1

0 5 10 15 20 25 30 35

Gauge Pzessure, psi

[Ref. 4299)

240
220

200 --
180 -

w 160 -
#-1 40

* 120
'1 100 - Impulse d'.electric strength of Freon-12,

80 F 12 Positive tests made between tungsten
60 - rod and 1-inch diameter sphere
40-- spaced 1 inch, 1 1/2 to 40
20 - microseconds wave fom.

0 15 30 45

Gauge Pressure, psi

[Ref. 4299)
&

[Ref. 16775]
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DI CHLORODIFLUOROMETHANE

DIELECTRIC STRENGTH

60

Sparking voltage of Freon-12 as a 0.2" Gap
function of pressure, pointed ' 50

electrodes, gap distances
as noted. *. 40 CI I" Gap

4.30

0
o 20
".4

10 _

0 50 100 150

Gauge Pressure* psi

(Ref. 5005)

~300 2CM
200 - /ICM 60-cycle (A) and impulse (B) breakdown

of Freon-12 between 6.25 cm spheres,
1 00 gaps as noted.

H 80
_ 60
0

H 4 0
~30

10 20 30 50 100 300
Pressure, psi (ab:.)

[Ref. 5338)
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DI C'ILORODI FUORC4ETHANE

DIELECTRIC STRENGTH

240-

g iapi sn-_7

Curves A, B9 & C, = 60-cycle
breakdown 0-L

Curves D & E 60 cycle corona 0 10 20 30 40 50 60 70 W0

starting voltage Pressure, psi (abs.)
Curves F, G9 H impulse breakdown

[Ref. 5338)

4Ji -K-!, --

ls The effect of gas pressure on the breakdown
10- - of dichlorodifluoromethane (Freon-12);

1/2.-inch square rod electrodes,
4 ,.6-cm (2.362 inch) gap.
0

so_

40

0 10 ZO 30 40 50 6o 70 so

Pressure, psi

[Ref. 167751
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DI CHLORODI FLUOROMETHANE

DIELECTRIC STRENGTH

3 20mm 1  ,
300

Breakdown voltage between 5-cm diameterh I2

spheres for Freon-12 as a /
function of pressure. 200 ///-

Gaps as noted. 0 150

Io

- Power frequency 100
--- Negative impulse

50 50

0 - I . I I ,

0 !0 40 60 80

Gas Pressure, psi (abs.)

[Ref. 1589]
£

[Ref. 1181)

250

~200tzo
p

4J5O Paschen curve
1-1

0 for Freon-12.
> 100

0
o 50

-~ DIFLUOROOICHLOROME THANE
Sl I I ., 1 1

0 200 400 600

pd (Pressure, psi, x Gap, mm)

[Ref. 1181]
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DI OILORODI0FJOROMETHANE

DIELECTRIC STRENGTH

nI~-- -. - -Om
20. 120 1202-

to -0 (00-I
0 0

>I Sm 00, m*• ,O S-O0 .w' ,SO'-

15mm " 
72O2mm 2mm

20 - -0

POWER FREOUENCf DIRECT VOLTAGE IMPULSEA. &-- I I-0 - Oz - -_ -_A

a it 4 400 60 o 00 20 4 to so

Gas Pressure, psi (abs.)

Breakdown voltage with difluorodichloromethane and non-irradiated point-sphere electrodes.

- Power frequency, positive d.c. and impulse
- - -Nlegative d.c. and impulse

[Ref. 1181]

14014I I I '' I

120

in too •
F 12,'

4J
v O-I /
o 60 -0/

S/ 60-cycle dielectric strength of Freon-12 as
40 - tested between tung'.-ten rod and 1-inch

diameter sphere at atmospheric pressure.
20

0 0.5 1.0 1.5 2.0 2.5

Gap Space, Inches
[Ref. '4299]
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DI CHLOROD I FLUOROMETHANE
DIELECTRIC STRENlGTH 2W

240 -

200 
F 12

S160
060-cycle dielectric strength of >

Freon-12 as tested between a • 120 -
tungsten rod and 1-inch dia-

meter sphere at atmospheric 80 -
pressure.

40

I I I
0 0.5 1.0 1.5 2.0 2.5

Gap Space, Inches

[Ref. 4299]

140 1 1 1 i

120 -

100 -
F12

80
0 :Iegative impulse tests (1 112 x 140 micro-

e° 60 second wave), at atmospheric pressure
Sof rreon-12 , between tungsten rod

40 - and 1-inch diameter sphere.

20

1 I I

0 05 1.0 1.5 2.0 2.5
Gap Space, Inches

[Ref. L4219]
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D)I C-ILROO I FLOROMETI-I.NE-
400

DIELECTRIC STRENGTH
30-W

Ope

Sparking voltage of Freon-12 as a function Q4

of gap distance, spherical electrodes, 0;

and gauge pressures as noted. 0-4
0

. 20'

or A

0 100 200 300

Gap in Thousandths of an Inch

[Ref. 5005)

1140

120

w100

4.'0

r-4

0~ 60
3; 4 0

0

1 2 3145 10 20 30 50 1 2 3 45 10 20 30 50 1 2 3 45 10 20 30 50

Ratio of Diameters of Conductors

Breakdown voltage for difluorodichiorornethane between coaxial cylinders.

Power frequency, positive d.c. and im~pulse
N--:egative d.c. and impulse

-------------Positive impulse with radiumi
[RePf. 1IR11
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D I CHLOROOI FLUOROMETHANE V T T /

DIELECTRIC STRENGTH 7-

60

4- 50-

C-)

' 40---'-

Sparking voltages in a mixture of --
50% Freon-12 and 50% Nitrogen. >

Spherical electrodes
Pressure seven atmospheres (90 psig) -

20- r ii=

0z-
0 20 40 60 80 I00

Gap in Thousandths of an Inch

[Ref. 5005]

Sc- I' f

50 -
4.. • _i_.z

40 30

0

0 ,Sparking voltages in mixtures of
S 20 Freon-12 and Nitrogen.

Spherical electrodes
Length of spark gap: 0.050 inch
Pressure in atm. as noted on curves
Points are experimental; lines are

O0 -- computed from
20 40 60 80 10O V = (88 PS + 1.9)(l + 1.08 F)kv.

% Freon by Volume
[Ref. 5005]
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DI CHLORODI FLUOROMtETHA

DIELECTRIC STRENlGTH

-1100 0-,/

; .0

00
> 0

0 8 240 320 400
Pressure, psi (abs.)

Corona onset and spark breakdown characteristics for mixtures
of Freon-12 and nitrogen.

(a) 10 psi (abs.), Freon 12 + 12
(b) 20 psi (abs.), Freon 12 + N2
(c) 30 psi (abs.), Freon 12 + N2
(d) 40 psi (abs.), Freon 12 + N2
(e) 50 psi (abs.), Freon 12 + N2
(f) 60 psi (abs.), Freon 12 + N2

- - - Corona onset voltage
Spark breakdown voltage

[Ref. IR531
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FLUOROCARBON GASES

DI CHLOROFLUOROMETHANE

SIntroduction

Dichlorofluoromethane is a dielectric gas with electronegative behaviour

or chR*,acteristics. The chemical formula (CFCl 2H) is depicted as follows:

wF

Cl-- C - Cl

S~H

and the gas is available commercially under various tradenwes: Freon - 21

du Pont de Nemours, Arý.ton - 7 (British sources).

Its molecular weight is 102.93.

Physical Properties

Boiling point (at 1 atm.) 8.920 C (48.06 0 F)

Freezing point -135oC (-211OF)

Critical temperature 178.5 0 C (353.3 0 F)

Critical pressure 51.0 atm. (750 psia)

Density of liquid at 300 C 1.354 g/cc (84,52 lbs/ft 3 )

Appiications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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DIELECTRIC CONSTANT

Dielectric Constant Phase Temnrerature Ref.

5.34 liquid 14 0C 6189
1.0035 vapor (0.5 atm.) 30°C 6189
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DI CHLORO L .UOROMETHANE

DIELECTRIC STRENGTH
Ref.

Relative dielectric strength 1.82 (N2 =) 6189

Relazive dielectric strength 1.33 (Air 1) 16775
(uniform electrical field)

Breakdown Voltage
Relative

Abs. Power Negative Negative Electric Impulse
Com- Pressure Irequency Direct Impulse Strength Ratio

pound Atm.
Sphere Gap, cm

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0

kv kv kv kv kv kv
CHFC1 2  1 32.2 63.1 29.7 58.4 43.8 87.0 1.86 1.98 1.36 1.38

2* 50.0 93.5 1.56 1.67
(Arc- 3* 66.5 1.46
ton 7) 4* 81.5 1.40

* Nitrogen added to compound exerting one atmosphere absolute pressure.

[Ref. 1181]
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FLUOROCARBON GASES

DI CHLOROTETRAFLUOROETHANE

Introduction

Dichlorotetrafluoroethane is a dielectric gas with electro-negative

behaviour or characteristics. The chemical formula (C 2 C12 F1 +) is depicted as

follows:

F FI I
Cl- C C -CI I

F F

and the gas is available commercially under the tradename: Freon - 114 (du

Pont de Nemours). Its molecular weight is 170.93.

Physical Properties

Boiling point (at 1 atm.) +3.550 C

Melting point -940C

Applications

Potential applications include insulation in coaxial lines and wave-

guides and other dielectric purposes.
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DI CHLOROTETRAFLUJOETHJE

DIELECTRIC STRENGTH

Ref.

Relative dielectric strength 2.8 (N2 = 1) 1373

FREON 114

900- - - -

. 0

C') ] I

400
GA•IP: 0-Imm. A-R/I•n• O-li'3mm

100 040 2X." io 6 4 2 I 0.6

pd (,,w Hg-mm)

Paschei, curve, Freon-114.

[Ref. 16386]
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IFLUOROCARBON GASES

HEXAFLUOROETHANE

i Introduction

Hexafluoroethane is a dielectric gas with electronegative behaviour or char-

acteristics. The chemical formula (C2 F6 ) is depicted as follows:

C 3 - C F3  or F F

F--C C- F

F F

and the gas is available commercially as Freon - 116 from the du Pont de Nem-

ours Company.

Its molecular weight is 138.02.

E Physical Properties

Boiling point (at 1 atm.) -78.2 0 C (-i08.8oF)

Freezing point -100.6 0C (-149.1 0 F)

SCritical temperature 24.3 0 C (75.8 0 F)

Critical pressure 32.6 atm. (480 psia)

L Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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30
CORONA EFFECTS

I I

Corona inception of C F6 as a function io
of pressure, gap spacing - 0.1 inch.

to Ca FS~U:~ ---Electrodes - 1/4" x 1/4" steel square - -- .
rod-to-?brass plane o -"-

:o.0
0 I 2

Pressure, Atmospheres

[Ref. 16955)

40 Cz F6  Corona inception of C2 F6 as a function of
,.WSW• •pressure, gap spacing = 0.5 inch.

S2" 01,,Is- p Electrodes - 1/4" x 1/4" steel square
0' rod-to-brass plane

0p0 I 2 3 [Pressure, Atmospheres [Ref. 169551

so

Corona inception of CF 6 &qi function Go
of pressure, gap spacing = i.0 inch.

*~40.

Electrodes - 1/4" x 1/4" steel square C22

rod-to-br-Nss plane 4 2

0 a
+ 0 I 2 3

Pressure, Atmospheres

[Ref. 16955]
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HIIAFLUJOROEIIAI 40

CORONA EFFECTS
S30

Lorona inception of C2 F6 as a function .20 c2 *
of pressure, gap spacing 0.1 inch.

0-10.Electrodes - 3/8" steel cylindrical0

rod-to-brass plane ___

0 2 3

Pressure, Atmospheres
[Ref. 16955]

4-m~

Corona inception Of C2 F6 as a function
of pressure, gap spacing = 0.5 inch.

40
0
>" Electrodes - 3/8" steel cylindrical

rod-to-brass plane
0 I- [Ref. 16955]

Pressure, Atmospheres

seo

- 40- CAF

Corona inception of C2 r 6 as a
function of pressure, gap :9

spacing = 1.0 inch. t 20
0

Electrodes - 3/8" steel cylindri-
cal rod-to-brass plane 3

0 Pressure, Atmospheres

[Ref. 16955]
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EWAFLUOROETHANE

'OROf.lA EFFECTS

25

20

15

. 10
bO

roC 2 F6
4j"-4
o

0 0 p

0 I 2 3

Pressure, Atmospheres

Corona inception voltage as a function of pressure.
Gap distance = 1.0 inch.

[Ref. 16q55]
Electrode - 0.0415 cm hemispherically

tipped platinum needle-to
brass plane
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Dielectric Constant Pressure Temperature Ref.

1.00197 711 mm Hg 23.0oC 10057
7531
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DIELECTRIC STRENGTH

Ref.

Relative dielectric strength 1.46 (N2 = 1) 6189

Dielectric Strength as a Function of Pressure

Pressure (abs.) kv (RMS)

1/2 atm. 6,7

1 atm. 13.3

2 atm. 20.2

3 atm. 27.2

• kv crest + 1.414 kv crest measured with 6.25 cm sphere - gap,
(ASA 68.1 1953, AIEE no. ")'1'60 cps breakdown voltage, 1/2" steel
sphere, 2 mm gap, room temperature. [Ref. 10057]

[Ref. 7531]

Dielectric Strength as a Function of Electrodes
and Spacing *

Conditions Voltage

1/2 - inch radius hemisphere, 0.1 - inch gap 15 kv

1/2 - inch radius hemisphere, 0.25 - inch gap 38

Point to hemisphere, 0.1 - inch gap 13

Point to hemisphere, 0.2r - inch gap, 27

S60 cps, atmosphere pressure, kilovolt breakdown, crest.

[Ref. 1275]
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FEDFLUOROET-ANE

DIELECTRIC STRENGTH

>. ELECTRODES: 3-IN PLANES
440 -CONONS: 60 CPS, I ATM, RM > 40-

TEMP ELECTRODES" 3- IN.PLANES
4 10 - . 20CONoNS' 60 CPS, 1/2-IN.

C2 F6 GAR RM TEMP

4-4'

8 0 0

U 60
r4J

r-4 40 -
S 20 20

*P4

1 1-- I - 1 _120 1 1
"I 05 0 520 2.5 3U 0 5 I0 15 20 25

Gap Distance, Inches Pressure, psig

Dielectric strength of C2 F6 as a function Dielectric strength of C2 F6 as a function
of gap distance in a uniform of pressure in a non-uniform

electrical field electrical field.

140 -- 1 1 1 1 -1

120

4.5
bOO CA -
•" 80

u 60

4, 40
SELECTRODES: 1/4-IN. SO
4) 20 -- wS

.r4 CONDNS: 60 CPS I-IN. GAP
SI I I I I

0 10 20 30 40 50 60

Pressure, psig

Dielectric strength of C2P 6 as a function
of pressure in a non-uniform (Ref. 6140]

electrical field. &
[Ref. 167751
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H 'E W WA FT M 7 , , ... ,-

DIELECTRIC STRENGTH
6

4'- 4-

Breakdown voltage of Freon-116 as F-116
a function of pressure across a

spark plug. 3 .4

2I
I _I I

0 o0 20 25Pressure in Inches, Hg (abs.)

[Ref. 10489]

FREON 116

Soo -

S0 : - ---

7000

Paschen curve for Freon-116.

4.'00
0R. 5"

400 I -

OAP: -lam; A-I/30mI; 0-I/30.
S1 1 I II

100 640 20 10 6 4 2 1 0.6

pd (num Hg-um)
[Ref. 16775)
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HEXAFLUOROETIHANE

DIELECTRIC STRENGTH

Breakdown voltage of C2 F6 as a 20
function of pressure, gap
spacing = 0.1 inch. X

a

Electrodes - 1/4 x 1/ 4 1 steel if

square rod-to-brass
plane S, I .. . Ip

0 3
Pressure, Atmospheres

[Ref. 16955)

100

9 go- Breakdown voltage of C2 F6 as a function
of pressure, gap spacing = 0.5 inch.

a 60 Electrodes - 1/4" x 1/4" steel square

W rod-to-brass plane
4 o

40-

01
0 I 2 3

Pressure, Atmospheres

[Ref. 16955)
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140

DIELECTRIC STRENGTH

120

Breakdown voltage of CF 6 as a function GO-
of pressure, gap spacing = 1.0 inch.

Electrodes - 1/4" x 1/4" steel square Go 60
rod-to-brass plane

40-

20

0 I 3
Pressure, Atmospheres

[Ref. 16955)

Breakdown voltage of C2 F6 as a

function of pressure, gap
to" spacing = 0.1 inch.

Electrodes -

j3/8" steel cylindrical
rod-to-brass plane

0 3__ _ _ _ _ _ _
o ; 2

Pressure, Atmospheres

[Ref. 16955]
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'EXAFLUORET1-AWE

D.'IELECTRIC STRENGTH

Breakdown voltage of C2F 6 as a 40-
function of pressure, gapspacing = 0.5 inch.

Electrodes - 0
03/8" steel cylindrical>

rod-to-brass plane

Oo 2 3

Pressure, Atmospheres

[Ref. 16955]

so

C F Breakdown voltage of 2 r6 as a
, so[C F2  function of pressure, gap

spacing = 1.0 inch.

40- Electrodes -
*" 3/8" steel cyclindrical

rod-to-brass plane

0

0 30 I 2 3,
Pressure, Atmospheres

(Ref. 169551
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HEXAFLUOWWETHAM

DIELECTRIC STRP"7TH

40 -

" 30

o• 20

20

S 10

S0 I ..
0 I 2 3

Pressure, Atmospheres

Breakdown voltage of C2 F6 as a function-of pressure.

Electrodes - 3/4" steel sphere-to-brass
plane [Ref. 16955]

Gap - 0.1 inch
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I4 I I IIII

DIELECTRIC STRENGTH

dft*

3/2 lob t phr** (61e e/l)

40. 169
50-

- 157

1o 6*

10

15.

1001

Pressure, Atmospheres

Breakdown voltage of C2 F6 and mixtures with
C-C4F 8 as a function of pressure.

(Ref. 10067)
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HEXAFU01WElHW

DIELECTRIC STRENGTH

Ito

30
3 Ate.

I At,.

0 V2 AU

0 20 4,,' 60 100

Volume % C2 F6

Breakdown voltage of C2F6 and c-C F 8
mixtures as a function of pressure.

[Ref. 10067)
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FLUOROCARONS GASES

OCTAFLUOROCYCLOBUTANE

Introduction

i Octafluorocyclobutane, a cyclic fluorocarbon, is an inert dielectric

electronegative gas which is very stable at high temperatures (up to 300 0 C).

The chemical formula (C F8 ) is depicted as follows:

F F

I I IC-
L- I I

F F

r and the gas is commercially available under the tradenames of Freon C-318 from

the E. I. du Pont de Nemours Company. Its combination of electronegativity,

i high molecular weight (200.04) and chemical stability are responsible for its

outstanding electrical properties according to the manufacturer.

In an electric field, C4 r 8 absorbs electrons to form negative ions of

low mobility. This results in a fairly stable space charge which tends to make

the electric field more uniform, and it greatly reduces the tendency of the elec-

trons to form a conductive path. The gas is dense, colorless, and odorless at

atmospheric tempurature and pressure.

t
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FUt0CV WAES

OCTAFWOROCWCOBUTA=E

Physical Properties

Boiling point (at 1 atm.) -5.82 0 C (21.47 0F)

Freezing point -41.40C (-4.2.5°F)

Critical temperature 115.30C (239.6 0 F)

Critical pressure 27.5 atm (403.6 psia)

Density of liquid at 30 0 C 1.480 g/cc (92.38 lbs/ft3)

-20 0 20 40 60 so) I00

Temperatur - C

The density - temperature relation for saturated octafluoro-
cyclobutane vapor.

[ Ref. 16775]
ýpplications

Potential electronic applications for octafluorocyclobutane includes trans-

formers. power trausmission cables• radar waveguides where the thermal stability

and chemical inertness characteristics of the gas are attractive.
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'TAFL.UOROCYCLO8UTANE

rO RONA EFFECTS

".44

Corona breakdown of octafluoro- 4J A

cyclobutane as a function of
gap distance.

0 V

0 0 5 LO La . ze &0 so a

Gap Distance, Inches

[Ref. 6140]

40

•3o

Corona inception of C4 F8 as a
20- function of pressure, gap

12 "distance = 0.1 inch.
V4 Electrodes -
>0 10- . oI C4 Fe 1/411 x 1/4" steel

square rod-to-brass
plane

0 2 2

Pressure, Atmospheres

(Ref. 16955)
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WALMRCLOBUT/I

CORONA EFFECTS ioo

S00O0

Corona inception of CWF8 as a function
of pressure, gap distance z 0.5 inch.

Electrodes -
1/4" x 1/4" steel 40

square rod-to-brass o CF, 0,

plane 20

0 " 2 3

Pressure, Atmospheres

[Ref. 16955]

40-

I Corona inception of CIF8 as a function

z 40- of pressure, gap distance = 1.0 inch.

0 C 4 Electrodes -
4I 1/4" x 1/4" steel

r4 /square rod-to-
0, A brass plane

0 I I S

Pressure, Atmospheres

[Ref. 16955)
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CORONA EFFECTS

40
*0%

30i,

Corona inception of C4 F8 as a
20.. a function of pressure. gap

go "distance = 0.1 inch.
Sodo

,_ _ _ __ Electrodes - 3/8" steel cylindrical0 a rod-to-brass plane

Pressure, Atmospheres

[Ref. 16955]

so-

C, 60

Corona inception of C4F8 as a 0
function of pressure, gap Ae

distance = 0.5 inch. •40 C F

4.
v-4

20> 20 o-

Electrodes - 3/8" steel cylindrical
rod- to-brass plane 00 - 3

Pressure, Atmospheres

[Ref. 16955]
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OCTAFL"• U MCML.oM8*-

CORONA EFFECTS
s6o

Corona /eception of C4 F8 as a V
function of pressure, gap a -

distance a 1.0 inch. 0 Ce 4e

Electrodes - 3/8" steel cylindrical 0 ____._._.
rod-to-brass plane 0 S

Pressure Atoospheres

[Ref. 16955]

W

#. Corona inception voltage of C4F 8
-0 as a function of pressure, gap

No w 0 distance = 1.0 inch.

S.,s Electrode -
01 0.0415 cm hemispherically

,tipped platinum needle-to-
4e brass plane

80 1 3

Pressure, Atuosphores

(Ref. 16955]
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O0AFUw"•OR CLO0UTANE

DIELECTRIC CONSTANT

Dielectric Constant Pressure Temperature Ref.

1.0034 760 mm Hg 100 C 7531
10057
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OCTAFLUIOICLO8UTNE

)IELECTRIC STRENGTH
Ref. I

Relative dielectric strength 2.L4 (N2 = 1) 6189

140

Dielectric strength of C Fr as a function
of gap distance in a uniform 50

electrical field.

Z 4°0 G

40-

20

0 0.5 I. IA 2.0

Gap, Inches

1 0 I~o c I[Ref. 6140]

64 &to a / - [Ref. 1860)

_a 4_ Dielectric strength of C4 F8 as a function
b • II Iof gap distance in a uniform and non-

uniform fields.

0 O 2.0 30

Gap Distance, Inches :Ref. 61401
&

(Ref. 1860)
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OCTAFUWOROCLOBUTAWE
i

I DIELECTRIC STRENGTH
12

aielectri funen2t OOfUvasyclewuci

of gap distance under impulse voltage of 4J

positive polarity in uniform and non- S44r,.'e"-"

21t-012 04 0.6 OS 10 L2

Gap Distance, Inches

(Ref. 6140]
&

[Ref. 1860]

150 11 1 1 '

140 /
140 / C4 F-

E120
W 

/

x> Comparison of impulse and 60 cycle
.9 breakdown characteristics of C4F8,
/; 1/4 inch square rod-to-plane,

80 / atmospheric pressure as a
j function of gap distance.

o> 60 /3

40

0�

SOLID CURVES: 1540;&s POSITIVE IlWUL.-SE
DASHED CURVES, SIXTY-CYCLE VOLTAGE

I I I I
0 0.2 04 0.6 0.8 1.0 1.2

Electrode Spacing, Inches

[Ref. 10452]
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0CTAFLL.OCYCL08UTANE

DIELECTRIC STRENGTII 
140 O/

C4F8
120 /

S100 //
v..

too 1~SF 6

Dielectric strength of C4 F8 as so 8 /
a function of pressure in a -0
uniform electrical field
with 3 inch disks. 60

0

Air
40-

20 1/2"1 Gap

0 1 ,
0 5 10 15 20 25

140 Gauge Pressure, psi

60 cps [Ref. 18601
120- (RMS)

100 Impulse
(Crest)

*so0
4.,

so-

40 Dielectric strength of C4Fsas
a function of pressure in a

C2 8  1" Gap non-uniform electrical field

with 1/4 inch rod, positive-
impulse wave (1.5 x 40 micro-

00. seconds).
0 5 I0 15

Gauge Pressure, psi [Ref. 1860)
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140

OCAFLK)URCCLOBUTANE

DIELECTRIC STRENGTH 120

100
-=,,

soo

4.5
W 60

Breakdown voltage of CJF8 as a function of 0
pressure in a non-uniform electricalfield, with 1/4-inch rods. • 40

20

0 10 20 30 40

7 "I Gauge Pressure, psi

[Ref. 1860)
6

C4 Fe

Breakdown voltage of C4P8 as a
function of pressure across a0 spark plug.

3
.3

S2

, II i

0 o0 20 25 30

Pressure in Inches, Hg (abs.) [Ref. lOL489]
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DIELECTRIC STRENGTH

Gas Pressure Dielectric Strength

Freon C-318 1/2 atm. 10.5 kv - RMS
1 17.9
2 31.4
3 46.7

Freon C-318/
Nitrogen (50/50) 1/2 atm. 9.1 kv - RMS

1 13.6
2 21.6
3 30.7

Freon C-318/
Freon-116 (50/50) 1/2 atm. 9.5 kv - RMS

1 15.4
2 27.2
3 38.9

[Ref. 7531)

[Ref. 10057)

FREON 0-318

700

800-- - -

Paschen curve of a SIM
Freon C-318. I

S.

GAP: O-lw 6-2/31m; A-1/3ml

100 60 40 20 10 6 4 2 1 o.4

pd (nm Hg-mn)

[Ref. 16386]
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oCTAFUOROCYCLOB4TA so

IDIELECTRIC STRENGTH

Cn

40
S, C4 F

Breakdown voltage Of C4F8 0sa-

function of pressure, gap >
distance = 0.1 inch. 30"

Electrodes - 3/4" steel sphere-to-
brass plane

0I 2 3
Pressure, Atmospheres

(Ref. 16955J

40

Cf30

0C 4 8 Breakdown voltage Of C4F 8

as a function oý pressure,
S10 - gap spacing : 0 .1 inch .I Electrodes -

0. ,,1/41" x 1/4" steel 5quare

0 I 2 3 rod-to-brass plane

Pressure, Atmospheres

[Ref. 16955)
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WCAFLWORMYCLO8UTAK

DIELECTRIC STRENGTH
500

Breadkown voltage of C4 F8  so- C419
as a function of pressure, ,l)
gap spacing = 0.5 inch. so-

Electrodes - 1/4" x 1/4" steel 4S

square rod-to-brass
plane 0 = 2 0

Pressure, Atmospheres

[Ref. 16955)

Breakdown voltage of C4F 8 as a function/ G4 P* •of pressure, gap spacing = 1.0 inch.

Electrodes - 1/4" x 1/4" steel
Eetoe square rod-to-brass

s plane

-- Ref. 16955
Ref. 1275

0 3

Pressure, Atmospheres [Ref. 16955)
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I OTAFLUOROCYCLOOUTAWJ

DIELECTRIC STRENGTH

40

30-

Breakdown voltage Of C4j 8 as a function W0-C
of pressure, gap spacing = 0,1 inch.

10

Electrodes -3/8"1 steel cylindrical
rod-to-brass plane 0

0 3
Pressure, Atmospheres

[Ref. 16955]

"C4"S Breakdown voltage Of Caj8 as a
>' function of pressure, gap
X 40 spacing =0.5 inch.

0

> ~Electrodes - 3/8"1 steel cylindrical
rod-to-brass plane

0 2 3

Pressure,, Atmospheres

(Ref. 16955]
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OCTAP.UON)CYC.SUT

DIELECTRIC STRENGTH

Breakdown voltage of C4 F8 as Nl40

a function of pressure, gap 9

spacing a 1.0 inch.

Electrodes - 3/811 steel cylindrical
rod-to-brass plane ° I - 3

03

Pressure, Atmospheres

[Ref. 16955]

*0 169

50

157

S/,Breakdown voltage of C4 F6  and C2 F6

CaF6 mixtures and C4F 8 as a function of
pressure,.

10

Pressure, Atmospheres [Ref. 10067]
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DIELECTRIC STRENGTH

Vlume, AM C246 m~m

*00

30

2 Ato.

20- 2 Ate.

idi1i

0 1/2 Ata.

0 20 40 do id 100

Volume, %C2F6

Breakdown voltage Of C4 F8 and C2F6 mixtures as a function
of volume % C2F6 at various pressure.
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FLUOROCARBON GASES

OCTAFLUOROPROPANE

Introduction

Octafluoropropane (also called Perfluoropropane) is a fluorochemical

gaseous dielectric of inert, derse and nonflammable nature. It is a color-

less, odorless gas and when liquified is a clear and colorless product. It

= is commercially available in purity of greater than 90% C3 F8 under various

tradenames: Genetron - 218 (Allied Chemical Corp.) and Fx-30 (Minnesota,

Mining H Manufacturing Co.) The molecular structure is as follows:

F F F+ I I I
• F--c - c -- c--r

SI I I
SF F F

S with a foruiula weight of 188.

+ Physical_ Pr'opert ies+

L Boiling point (760 mim Hg) -38°C (-36°F)

Freezing point approxc. -160 0 C

Critical temperature 710 C (160 0 F)

Critical pressure 26.5 aten (390 psia)

Applications

Tests have shown that Perfluoropropane (c3r3) , in its application to

sealed dry]-type transformers, has 20% additional capacity for the same tem-

perature rise as nitrogen-filled units at 100% loading.
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0AFMMOPRIPANE

DIELECTRIC STRENGTH

Conditions Voltage Ref.

For gaps (0.2 - 0.5 in.) and 2.2 - 2.5 relative breakdown 7530
3/4-1ih. sphere to grounded voltage. (Air = 1).
plane

0.2-in. P- .i 1-in. diameter 32 kv (RMS) 1275
spheres

0.3-Ln. gap, 0.1-in. rounded 30 kv (RMS) 1275
rod to 1-in. sphere

0.1-in. gap, 3/4-in. ball to
1 3/4-in. plane (3 M Test 11055
nc. 80)

70

60 0 3/4" DIAMETER SPHERE
C•T0 GROUNDED PLANE

__ ELECTRODECa 50

40 X FS
0 W

20

GAS -C3Fg
10 -- PRESSURE -I ATMOSPHERE -

TEMPER4TURE- 23 0 C

0 0J0 0.20 0.30 040 050 060.070 0.90

Gaps, Inche&

Dielectric strength of C3 F8 as a function of
gap distance. 60-cycle voltage strength.

[Ref. 1625]
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OCTAFUOROPROPANE

i DIELECTRIC STRENGTH

70

6o - 3/4"DIAMETER SPHERES~TO GROUNDED PLANE
TE GRODE Dielectric strength of C3 F8 as
ELECTRODE gpdsaCeon

50 - a function of gap distance, one-
minute withstand 60 - cycle vol-

* 40 tage strength.

-4.
~ 30

30

20

GAS -C3 F&
10 PRESSURE-I ATMOSPHERE

TEMPERATURE- 230 C

I I I I I

0 0.10 0.20 0.30 040 0.50 0.60 0.70 0.60

Gap, Inches [Ref. 1625)

70

60 I- i/2"SQUARE ROD TO
,== GROUNDED PLANE

ELECTRODE50 50

40

Dielectric strength of C ' asV
a function of gap distance, 60- 3-4 --

0 3
cycle voltage strength. 11

0
S20

0 GAS- C3 F*
10 - PRE9SURE-I ATMOSPHERE

TEMPERATURE- 230 C

I I I .I I I I 1 .
0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Gap, Inches [Ref. 16251
91



RESEARCH AND TECHNOLOGY DlVI S1ON
AIR FORCE SYSTEMS COMMAND

PREPARED BY ELECTRONIC PROPERTIES INFORMATION CENTER * HUGHES AIRCRAFT COMPANY, CULVER CITY. CALIFORNIA

OCTAWROP~PIME '70

DIELECTRIC STRENGTH GO I/2"SQUARE ROD TO
==GROUNDED PLANE

ELECTRODE

Dielectric strength of Cj3 !'8
as a function of gap distande, *40

one-minute withstand 60-cycle 4
voltage strength. 

. 0aFS 20 

40000
10 PRESSURE -I ATMOSPHERE

TEMPERATURE 1 3"tC

0 0.10 0.20 Q30 Q40 Q50 0.60 0.70 0.60
Gap, Inches

[Ref. 16251

TO

60 - A 3/4 toDIAMETER SPHERE
~JTO GROUNDED ("SQUARE Rapidly applied 60-Cycle vol-

mC: ELECTRODE tage breakdown strength of

W 250 -C 3!'8 as a function of gap
distance.

*40

0&B

S20L / /AS-C 5 F4
PRESSURE - I ATMOSPHERE

10 TEMPERATURE - 23 0C

0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.600

Gap, Inches

[Re. .1625]
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OCTAFWUOROPROPAME 70 i 1 1 1 1 1 '

60 A 3/4" DIAMETER SPHERE
DIELECTRIC STRENGTH 6 TO GROUNDED I" SQUARE

c- ELECTRODE

50 -0

One-minute withstand 60-cycle
voltage strength of C3 F8 as 4_
a function of gap distance. o'-4

20 -C3 F* // C5
•"" -C3 FS

PRESSURE-1 ATMOSPHERE

10 TEMPERATURE-230 C

I I I I I

0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Gap, Inches

[Ref. 1625]

70 1
I1/2" SQUARE ROD

60 - O TO GROUNDED I" SQUARE
c-a ELECTRODE

50
C,,

Rapidly applied 60 - cycle voltage
breakdown strength of C3 r 8 as a 40
function of gap distance.

30

C2 

0

GAS- Cs Fg
10 PRESSURE-I ATMOSPHERE

TEMPERATURE -230

I I I I I I

0 0.10 0.20 0,30 0.40 0.50 0,60 0.70 0.60

Gap, Inches

[Ref. 1625)
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OCTAFNUOROPWP

DIELECTRIC STRENGTH
TO ' I I I I I 1 1

1/2" SQUARE ROD
60 TO GROUNDED, I" SQUARE

- ELECTRODE

- 50 One - minute withstand 60

cycle voltage strength of
"40 C3F8 as a function of gap

distance.
4..
"o 30! .

e20

GAS-CsF9
10 PRESSURE - I ATMOSPHERE-

TEMPERATURE-230

I I I I I I - I

0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Gap, Inches
[Ref. 1625]

FULL WAVE 1.5 X 40 US

120 - POSITIVE POLARITY

100 -Cs Fe

Impulse voltage withstand strength so e
of C33F 8 as a function gap distance. 00

G s GAS - AIR, Nj, SF6, COFG
PRESSURE - I ATMOSPHERE

40 TEMPERATURE - 230C

3/4" DIAMETER BRASS
20 -SPHERE TO SOLIDLY

GROUNDED PLANE
ELECTRODE

SI I

0 025 0.50 0.75

Electrode Spacing, Inches

[Ref. 1625)
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0CTAFWO OPROPME

DIELECTRIC STRENGTH

140,60 ________ '___ I______________.___ I I I I
140 -- 120

•100 80 -

cso 
I BC60~~ 60-1

, 4060 C0NO4S: 60CPS J/2-
SE 40-COE ELECTR1ES:3-1 G

6 0 P L.L NEE S -60II I .CONDNSS6OCPS,I ATh20 -

20 Rt.tTEMP - 0 5 10 15 z0 25

1 1 1 1 1 , PressIzre, psig
0 0.5 .0 1.5 2.0 2.5 3.0

Gap Distance, Inches

Dielectric strength of C3 F8 as a Dielectric strength of C3 r 8
function of gap distance in a uni- as a function of pressure in
form electrical field. a non-uniform electrical field.

[Ref. 6140)
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-TAFU"OROPROPA1E

DIELECTRIC STRENGTH

140
" 120-

44 100
S? Dielectric strength of C3 F'g as a

Eso function of pressure in a non-uni-
40 form electrical field.

CAI60
v4O
~40

t ELECTROMES I/4-1. SCI
0. 4 20 Rm0

CONDNS: 60 CPS I-IN GAP
(IRef. 6140]

0 10 20 30 40 50 6

Pressure, psig

6

Dielectric strength of C3F 8 as a C3 F
function of pressure across a spark
plug. 4

!-30

0

I

0 10 20 25 30

Pressure in Inches Hg (abs.)

[Ref. 10489]
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FLUOROCARBON GASES

TRICIHLOROFLUOROMET!HANE

Introduction

Trichlorofluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CCl 3 F) is depicted as follows:

Cl

Cl - C - F

Cl

and the gas is available commercially under various tradenames: Freon-l1 (du

Pont de Nemours), Genetron 11 (General Chemical Co.) and Arcton 9 (British

sources). Its molecular weight is 137.38.

Physical Properties

Boiling point (at 1 atm.) 23.770 C (74.78 0 F)

Freezing point -1110 C (-168 0 F)

Critical tempeoature 198.0 0 C (338.4 0 F)

Critical pressure 43.2 atm. (635 psia)

Density of liquid at 300 C 1.464 g/cc (91.38 lbs/ft 3 )

App) ications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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': CHLOROFLUOROMETHANE

NJI:CTRIC CONSTANT

3*5
S'Frequency = 5kc

fd

S3.0
0

C3

S2.5U

"* 2. 0
S-200 -150 -100 -50 0 50

Temperature OC

Dielectric constant as a function of temperature
for trichlorofluoromethane.

[Ref. 1265]

Dielectric Constant Phase Temperature Ref.

2.28 liquid 290 C 6189

1.0019 vapor (0.5 atm.) 260C 6189
6

16775
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TR I CHLOROFLUORC1ETHANE

DIELECTRIC STRENGTH

00 too 100

00nt

o 40 4040- -

OX 202 0----

POWER FREOtUCNCY IAifECT VOITAGIE IMPULaJIM0 ._ --- A - ,0 - I

0 20 40 to 11o 0 20 40 60 0 0 20 40 00 so

Gas Pressure, psi (abs.)

Breakdown voltage with point-sphere electrodes for trichlorofluoromethane at
atmospheric pressure and nitrogen added to obtain higher pressure.

Power frequency, positive d.c. and impulse
Negative d.c. and impulse

- - - - Power frequency, positive 1.c. and impulse with radium

[Ref. 1181)
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TR I CHLOROFLUOROMETHAW

DIELECTRIC STRENGTH

Ref.

Relative dielectric strength 3.18 (N2 = 1) 6189

Relative dielectric strength 16775
(uniform field) 3.50 (Air 1)

Breakdown Voltage Relative

m- Abs. Fower [Negative Negative Electric Impulse

Found ressure Frequency Direct Impulse Strength -atio
At'm. LSphere Gap, cm

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0

kv kv kv kv kv kv

CC3 F 1 65,0 129.0 65.0 76.5 3.76 4.05 1.18

2* 96.5 3.002
(Arc- 3* 119.0 2.62
'on 91

• Nitrogen added to compound exerting one atmosphere absolute pressure.

[Ref. 1181)
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FLUOROCARBON GASES

TRI FLUOROMETHANE

Introduction

Trifluoromethane is a dielectric gas with electronegative behaviour or
characteristics. The chemical formula (CIF3) is depicted as follows:

H

Fr- C - F

F

and the gas is available commercially under the following tradenames: Freon

23 (du Pont de Nemours) and Arcton - I (British sources).

Its molecular weight is 70.02.

Physical Properties

Boiling point (at I atm.) -82.05 0 C (-115.710F)

Freezing point -155.2 0 C (-247.40F)

Critical temperature 25.9 0 C (78.6 0 F)

Critical pressure 47.7 atm (701.4 psia)

Density of liquid at 300 C 1.223 g/cc

Application

Potential applications include insulation in coaxial lines and waveguides

as well as high voltagc underground transmission installations.
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TRI FLUOROMETHANE

DIELECTRIC STRENGTH

Ref.

Relative dielectric strength 0.82 (N2  1) 6189

Breakdown Voltage Relative

Abs. Power Negative Negative Electric Impulse
Com- Pressure Frequency Direct Impulse Strength Ratio

pound Atm.

Sphere gap, cm

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0

CHF 3  kv kv kv kv kv kv
1 15.8 28.5 14.8 27.8 18.8 31.0 0.91 0.90 1.19 1.09

(Arc- 2 29.5 53.5 27.5 52.5 0.92 0.95 0.93 0.98
on 1) 3 41.0 78.0 38.0 75.5 0.90 0.97 0.93 0.97

4 52.0 100.5 49.5 97.5 0.90 0.95 0.95 0.97

[Ref. 1181]
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TRI FLUORCMETHANE

DIELECTRIC STRENGTH

*> 160
ELETROOES: TUNGSTEN

140 -ROD-TO-SPHERE
4- CONONS: D C POS POLARITY,
to 120 -I-IN. GAP, 1.5 x4 SEC

4100 -WAV:E 0A -
4J, F231

*60
4j 40
U
0) 20 .
0 0 10 20 30 40

Pressure, psi

Impulse dielectric strength as a function of pressure
for Freon-23 in a non-uniform electrical field.

[Ref. 6140]

90 -'

80 --

70
~60-

*50

4 40
0
> 30 F2

20 -

10

0 15 30
Gauge Pressure, psi

60-cycle dielectrir strength of Freon-23 tested between
two 1-inch diameter spheres spaced 1/4 inch.

[Ref. 4299]
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TRI FLUOROMETK4E
220

DIELECTRIC STRENGTH 200

190

160

S140
4j

0-40
0

Impulse dielectric strength of Freon-23 100

tested between two 1-inch diameter
spheres spaced 1/4 inch. 80

60

40 ,

20 F

0 15 30
Gauge Pressure, psi

_________________ Ref. 4299)
130 1 1 I 1

120 -
i10 ---

100 ---

90 - -

:•80 ---

70 60-cycle dielectric strength of

60 Freon-23 tested between tungsten
rod and 1-inch diameter sphere

40 spaced 1 inch.

30

20

I0

0 5 10 15 20 25 30 35

Gauge Pressure, psi

[Ref. L4'991
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TR I FLUORCMETHANE

DIELECTRIC STRENGTH

240
220

200
ISO
160

40

NO120
0 - 00 F23 - Impul'.e dielectric strength of Freon-23.

s-o Positive wave tests made between tungsten
60 rod and 1-inch diameter sphere spaced 1-
40 inch.
20 I I

0 15 30 45

Gauge Pressure, psi

[Ref. 4299]

140

120

V~100

60-cycle dielectri-. strength of rreon-23 * 80
tested between tungsten rod and 1-inch

P-4diameter sphere at atmospheric pressure* o 60 -23

000

20

0 0.5 1.0 1.5 2,0 2.5

Gap Space, Inches

[Ref. 4299]
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TRI FLUOROMETHANE

DIELLCTRIC STRENGTH 280

240

200
Negative impulse tests (if x 40 microsecond
wave) of Freon-23, at atmospheric pressure, +, 160

tested between tungsten rod and 1-inch 0
diameter sphere. 120

so F23

40

0 0.5 10 1.5 2.0 2.5

Gap Space, Inches

140 1

120

i • so-

I00-

.40
40 - Positive impulse tests (if x 40 microsecond

wave) of Freon-23, at atmospheric pressure,

tested between tungsten rod and 1-inch dia-2meter sphere.

0 0.5 1.0 1.5 2.0 2.5

Gap Space, Inches

[Ref. 4299]
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